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Gentlemen: 

Introduction 
~ 

. 

This report covers the work done during the h a t  qwwter on the P e r f o m  
ance and Design Study of Plenum Chamber Combustion for V/STOL aircraft .  
The work included in  this report was accomplished from 15 February to  
15 May l%5. 
Space A M s t r a t i o n  under amendmant 1, dated 22 March 1965, of the 
Defense Purchase Request No, R-121 of 14 February 1964. 

This work was performed for the National Aeronautics and 

Results and mscussion 

I. Right -le Combustor 

A. General 

1. During the time interval reported, the sea level performance 

The performance for each of these burners was 
of the right angle combustor, enclosure (I), and t-so minor variations 
thereof was determined. 
determined ?or the following conditions: 

Inlet  Total pressure = 60 in. hg abs 

In le t  Total temperature = W F  

Reference Velocity = 100, 1%, 180, 200, and 
220 ft/mc 

(The reference velocity is  based on mass ra te  of flow, 
burner i n l e t  pressure and t e q r a t u r e  and on the 
maximum cross-section area) 



. 
2. 

determined for: 
A t  the above conditions, the p e r f o m c e  of the combustor was 

a. 

b. 

Both fuel nozzles supplying an equal quantity or" fuel. 

The combustor operated as a tfstraight through combustor". 

c. The combustor operated as a %-everse f l o w  combustorfl. 

The above tests amounted t o  appro-tely five hundred data points. 

designated: FUGl,RBC-U, and RAC-lB. The difference between these 
configurations was i n  the size of the s u i r l  s l o t  are& in the stmight 
through portion. 
configurations. 

3. The three right angle combustor configurations tested were 

Table I lists the swirl s lo t  area for each of th3 

TAJ3LZ I 

Total s s l o t  
Area Per Swirl &ea 

Burner Swirl Slot Brea From 
D e  siirnetion Slots Sa. In. SS. In. UC-1 

RQG-1 12 -0585 . 7020 0 

No. of Swirl Slot Increaso 

RaC-lB 12 ,1386 1 . 6632 136.9 

B. Cold Flow Tests 

4.  The cold f l o w  pressure drop decreased as the size of the swirl 

and (5) . Enclosure 

s l o t s  was increased (i.e. the pressure drop of the burners decreased as 
follow: RAC-lS RAC-IA> RBC-IB). Pressure drop data of tfie RAG1 
and RkGlB burners are shown on enclosures (3), (4) 
(3) is an arithmetic plot of prerra;ure drop characteristics versus re- 
fereme velocity whereas @aaures ( 4 )  and (5) are log-log plots of 
the s ~ m e  variables. The log-log plots served the following pcrposes: 

a. Verification of the exponential relationship between percent 
pressure drop and reference velocity. 

b. Experimental determination of the exponent (approximately 2). 

c. Indication of any faulty data points. 
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5. 
enclosure (3). 
l i n e r  removed. 
ftdsec a pressure loss of app-tely 2.55% would be incurrxL 

The loss i n  pressure due t o  turning tha airflow i s  shown on 
T h i s  pressure loss was determined with the inner combustor 
The plot indicates that at  a reference velocity of 200 

C. Hot Flow Tests 

6 .  For each series of tests,  the combustor was operated mer a 
range of fie2 flows. 
250°F up to n nwdmum of 225OOF. 
occurred or. a t  l eas t  one thermocouple indicated a temperatare of 2500OF. 

Thjse fuel  flaws provided ATS from Q mi.limum of 
Tests wm W . h t e d  when blovout 

7. None of the right angle combustors tested, f o r  all mdas of 
operation, and a t  any operating conditions, had a lean blowout. 

8. When operating with both fuel nozzles f l o w  equal  amomts of 
fuel, none of the cmbustors had a r ich blowout a t  my of the velocities 
tested. 

9. A t  a reference velocity of io0 ft/sec no r ich blovout occurred 
f o r  either the straight thraugh or raverse flow mode of operation. 

10. A t  refereoce velocities of 150, 180, 200, and 220 ft/sc =c r ich 
blowouts occurred f o r  both the straight through and the reverse flow 
nodes of operation. 
reverse f low mode a t  lower fuel/& ratios than for the straight through 
mode of operation. 

Also, as expected, r ich blowout occurrtd f o r  the 

U. Neither the combustion efficiency nor the s tab i l i ty  lintits 
were significantly affecA@d by the changes i n  swirl s lo t  area. 
these changes did a l t e r  the carbon formation tendencies of the s t d g h t  
thr-mgh portion. 

However, 

The carbon formation decreasad w5th incre-siSg s i r 1  
Slot areQ. 

12. The combustion efficiency of the RAG1 canbustor i s  sham on 
enclosure (6) plotted versus reference veltxitjr. 
dram for each mode of operation ( i .8 .  straight through, reverse flow, 
and both fuel  nozzles) at  a fuel/air ra t io  of ,015. T h i 3  plot indicates 
that methods of ~QI.PFO- the efficiency of the straight through portion 
of the combustor should be investigated. 
i n  the straight through burner r i g  w i l l  provide applicable dGta for  this 
problem. 

This enclomrre was 

The investigetion being conducted 
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If. Straight Through Canbustors 

A. A straight thraugh combustor fac i l i ty  was designod and %stalled 
This equipment has greater capacity and f l x 5 3 i l i t y  in t e s t  cell lE. 

than the 9W r i g  formerly used. 
through r i g  t o  continue the investigative work ini t ia led during the ffrst 
year of the progrrun. 
and fabricated. This configuration w i l l  provide additiooal data 03 the 
rolatia&ip between inner to  outer liner area ra t io  cud combustor per- 
f omaace . 

Tests will be laaiie i n  the s t x i g h t  

The first burner t o  be tested has been desigmd 

111. AerodpmAc Combustor 

A. The req&ements of a Ugh pressure air stabilized cornbustor have 
been studied and prelimhary design work has been carrSed out. 
i n i t i a l  aerodymmic cmbustor will be a segmented, hexagonrrl wing k g u c t h g  
high pressure air radially inward. 
t o  an NACA 0024 airfoil. 

The 

The cross-section of the ding cmforn 

A. A work versus tine schedule was prepared for  the t i m e  i n t e d  from 
the 15 April 1965 to 15 February 1966. 
( 2 ) ,  consists of the follovirg work: 

This schedule, shown an enclosure 

1. Tie altitude performance (Mach No. 1.2 a t  45,000 f t )  of the 
R A G 1  c lam of burners will be ascertained in test c e l l  PJ. 

2. 
bust,icc at  -the enviromntal  conditions imposed by the fan burner will 
be mde. 
locrtee i n  tes t  c e l l  1E. 

Additional studies into the requirements for eff ic iznt  cm- 

T h i s  work w i l i  te performed i n  the straight through burasr 

3. Based on the p e r f o m c e  of the RAG1 class of burners and on 
the straigh5 through burners, a second class of r ight angle codxstors, 
RAC-2, w i l l  be designed and evaluated a t  alt i tude and sea levzl. 
objecr2ve sf the redesign will be t o  increase the combustion efficiencj 
and space heat release rate and t o  decrease the pesslt-e drop of the 
RAG1 class of burners. 

!be 

4.  The potential of high pressure, air stabiliaad comhst5on w i l l  
be inrestigated. 
dyaanic combustor or "aerodpmic flameholder". 
cation w i l l  be completed i n  the next quarter. 
combustor will be ini t ia ted during the next quarter. 

This type of caanbustor will be classed as an aero- 
The design and fabri- 

T e s t i n g  of the aerodynamic 



. 

B. No test work i s  scheduled f o r  the time 
This tima pori& w i l l  tm t o  1 5  February 1966. 

psriod from 7.5 December 196s 
used fo r  t e s t i w  ir; tfiose 

areas which prior 
the f b a l  report. 

t e s t s  indicate-should be investigated and for  pzapring 

Very truly yours, 

f .  R. PICID- 
I Supt., Fuels 

Beronautical 
direction 

Enclosures : 
Schemtic of Right Angle Cmbustor 
NASA Plenum Conl;ustion Chanber Test Schedule 
Combustor Pressure Drop as a Fraction of the Inlet Total ,?resm-e 
I b r s ~ i s  Reference Velocity - Cold F l o w  (RAG1 and RAG13 Co&m+,ors - 
Arithmetic Plot) 
Conbustor Pressure Drop as a Percentage of the In le t  To ta l  Pressure 
Versus Iieference Velocity - Cold  low (EIBC-1 Conbus+,or - Log=i-i+ASc 
Flot ) 
Conbuytor Pressure Drop aa a Percentage of the In le t  Tota l  Pressure 
Ve=.suo Reference Velocity - Cold F l o w  ( I IAC-B Cabustor - Loga?AtWc 

Cmi3buSt.ian Eff icisccy V e r s u s  Reference Velocity f o r  the U c - 1  
Plot  ) 

Cqy :io: 
NASA, Washington, D.C. (N.F.  Rekos) 
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NASA PLENUM COMBUSTION CHAMBW SCHEDULE 

RIG #1 , RAC-1 RAG2 

I 1 . 1  i I 1 . 1  STRAIGHT I 
R I G # 2  SIPRAIGHTTHROUGH !i"ROUGH 
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BURNER NO. RAC-I 
COLD FLOW - lHLET CONDITIONS 

T O T A L  PRESSURE =GO IN. HG. ABS. 
T O T A L  TEMP = 240°F 



J 
? TOTAL PRESSURE =60 IN. HG. PBS. 
E T O T A L  TEMP =WOOF e 
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